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(54) Plasma immersion ion implantation method and apparatus with pulsed anode 



(57) Method and apparatus for treating a workpiece 
implantation surface by causing ions to impact the work- 
piece implantation surface. An implantation chamber 
(12) defines a chamber interior into which one or more 
workpieces can be inserted and includes a conductive 
inner wall portion (22) in proximity to the chamber inte- 
rior. A conductive workpiece support (30) extends into 
an interior region of the implantation chamber. A con- 
ductive electrode (32) is disposed within said implanta- 
tion chamber relative to said conductive workpiece 
support to allow workpieces to be placed on the work- 
piece support in a region (34) between the support and 
the conductive electrode. Gas molecules are injected 



into the implantation chamber to cause the gas mole- 
cules to occupy a region of the implantation chamber in 
close proximity to the one or more workpieces. The gas 
molecules are ionized near an implant surface of the 
workpieces. Control circuitry (100) pulses the conduc- 
tive electrode to a positive potential relative to the con- 
ductive workpiece support, the one or more workpieces, 
and the conductive wall portion of the implantation 
chamber. The control circuitry includes a voltage source 
that provides an electric field through which the ionized 
gas molecules accelerate before striking the implanta- 
tion surfaces of the one or more workpieces. 
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Description 

Cross-Refere nce to related applications 

The present patent application is a continuation-in- 
part of co-pending United States patent application 
serial no. 08/727,000 to Shao et al filed October 10, 
1996 and entitled "Pulsed Plate Plasma Implantation 
System: 



Field of the invention 



disclosed in the '394 patent to Conrad sets up the 
plasma in a region surrounding the workpiece and then 
selectively pulses an electrode that supports the work- 
piece to attract the charged ions in the plasma to the 

5 workpiece. 

Theoretical studies of the plasma implementation 
process by Lieberman indicate that when a sudden neg- 
ative voltage is applied to a target workpiece, within 
nanoseconds electrons near the surface are driven 

10 away from a region surrounding the workpiece, leaving 
a uniform density ion matrix sheath. MA Lieberman, 
"Model of Plasma immersion Ion Implantation, " 
J. Applied Physics, 66 (1989) p.2926. Subsequently, on 
the time scale of the inverse ion plasma frequency, ions 

is within the sheath are accelerated into the one or more 
workpieces. This, in turn, drives the sheath boundary 
further from the target workpiece, exposing more ions 
which are driven into the workpiece. On a larger time 
scale, a steady state ion space charge condition typi- 

20 cally develops. Sheaths of about one centimeter thick- 
ness are developed within microseconds. See, e.g., 
M.M. Shamim et al, 'Measurement of Electron Emission 
due to Energetic Ion Bombardment in Plasma Source 
Ion Implantation," J.Applied Physics, 70 (1991) p.4756. 

25 The electric field within the plasma is low and sub- 
stantially all of the potential applied to the target to 
accelerate the ions exists across the sheath. Typically, 
secondary electrons are produced as ions from the 
plasma strike the target surface. These electrons are 

30 accelerated from the target through the voltage drop 
across the sheath and terminate at the walls of the 
enclosing chamber. For a general discussion of second- 
ary emission coefficients, see, e.g., S.Qin et al, The 
Response of a Microwave Multipolar Bucket Plasma to 

35 a High Voltage Pulse with Finite Rise Time," IEEE 
Trans. Plas., Sci, 20 (1992) p.569. 

Some ion implantation systems, such as disclosed 
in Conrad, maintain the implantation chamber at a 
ground potential while pulsing the target workpiece with 

40 a relatively negative potential. For a substantially flat 
target workpiece requiring treatment on one face, such 
as a semiconductor water or a flat panel display sub- 
strate, the negatively pulsed target ion implantation sys- 
tem may be unfavorable. In such ion implantation 

45 systems, the target workpiece typically has to be raised 
to a high negative potential. This makes handling of the 
workpiece more difficult and complicates monitoring the 
potential delivered to charge collectors at the target 
workpiece by such monitoring devices as Faraday cups 

so or calorimeters, since these devices also experience the 
high negative potential. 



The present invention concerns an ion implantation 
system that treats a workpiece with an ion impurity by 
immersing the workpiece in an ion plasma and acceler- 
ating ions within the plasma to implant the workpiece. 

Background Art 

Commercially available ion implantation systems 
employ an ion source that includes a source chamber 
spaced from an implantation chamber where one or 
more workpieces are treated by ions from the source. 
An exit opening in the source chamber allows ions to 
exit the source so they can be shaped, analyzed, and 
accelerated to form an ion beam. The ion beam is 
directed along an evacuated beam path to the ion 
implantation chamber where the ion beam strikes one 
or more workpieces, typically circular wafers that have 
been placed within the implantation chamber. The 
energy of the ion beam is sufficient to cause ions which 
strike the wafers to penetrate those wafers in the 
implantation chamber. In a typical application of such a 
system the wafers are silicon wafers and the ions are 
used to 'dope' the wafers to create a semiconductor 
material. Selective implantation with the use of masks 
and passivation layers allows an integrated circuit to be 
fabricated with such a prior art implanter. The equip- 
ment for this implantation technique is large, complex, 
expensive, and limited in its ability to implant ions at low 
energies. 

United States patent no. 4,764,394 to Conrad enti- 
tled "Method and Apparatus for Plasma Source Ion 
Implantation" discloses an ion implantation system for 
treating a target by means of ionic bombardment. Ion 
implantation into surfaces of a three dimensional target 
is achieved by forming an ionized plasma about the tar- 
get within an enclosing chamber. Once the plasma is 
set up in a region surrounding the target, ions from the 
plasma are driven into the target object from all sides 
without need to scan the target through an ion beam. 
This implantation is accomplished by applying repetitive 
high voltage negative pulses to the one or more target 
workpieces. These pulses cause the ions to be driven 
into exposed surfaces of the target A technique dis- 
cussed in the *394 patent for setting up the plasma is to 
introduce a neutral gas into the region of the target and 
then ionize the gas with ionizing radiation. The system 



Disclosure of the Invention 

55 The present invention provides a new and improved 
method and apparatus for ion implantation of a target 
workpiece. According to the present invention, the tar- 
get workpiece is maintained at a reference potential and 
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an electric field near the surface of the workpiece is 
developed by pulsing a conductive electrode near the 
workpiece with positive voltage pulses. 

To reduce power consumption the surface area 
within the implantation chamber having a potential neg- 
ative relative to the positively pulsed electrode is 
reduced. The total current needed for implantation is 
reduced and accordingly the total amount of power 
required tor implantation is also reduced. 

In the preferred embodiment of the invention, one 
or more workpieces are supported by a conductive 
workpiece support which supports the one or more 
workpieces within an interior region of an implantation 
chamber. The implantation chamber includes a conduc- 
tive inner wall portion in proximity to the chamber inte- 
rior. A conductive electrode is also disposed within the 
implantation chamber and positioned relative to the 
conductive workpiece support. Neutrally charged gas 
molecules are injected into the implantation chamber 
and subsequently ionized so that an ionized gas, or ion 
plasma, is formed near the implantation surface of the 
workpiece. According to a feature of the present inven- 
tion, the conductive workpiece support, the workpiece, 
and the conductive wall portion of the implantation 
chamber are all maintained at a reference potential. The 
conductive electrode is then pulsed with pulses that are 
positive in relation to this reference potential to provide 
an electric field through which ions formed from the gas 
molecules accelerate before striking the implantation 
surface of the workpiece. 

Since the development of the required plasma con- 
ditions for ion implantation is determined by the electric 
field near or at the surface of the workpiece. efficiency 
can be improved by substantially shielding the surfaces 
that are relatively positively pulsed but do not directly 
oppose the workpiece. In the preferred embodiment, 
the electrode is shielded with a dielectric so that electric 
field lines associated with the electrode become con- 
centrated within the electrode as the pulse develops 
and not within the chamber interior in close proximity to 
the dielectric. Alternatively, the dielectric can be covered 
in a casing that is maintained at the reference potential. 

Efficiency can also be improved by shielding the 
surfaces that are maintained at the reference potential 
but that are not required to develop the electric field at 
the surface of the target workpiece. In the preferred 
embodiment of the invention, the conductive wall por- 
tion of the implantation chamber and the conductive 
workpiece support are shielded with a dielectric, 
thereby effectively reducing the amount of exposed sur- 
face area within the implantation chamber having a neg- 
ative potential relative to the electrode. 

Because the workpiece is at ground potential, the 
disclosed invention facilitates handling, mechanical 
scanning or other movement of the workpiece support 
and workpiece to improve uniformity of the ion implanta- 
tion dose. The present invention also simplifies target 
cooling and monitoring the implantation dose since 



devices such as Faraday cups or calorimeters used to 
measure dose are maintained at the reference poten- 
tial. 

These and other objects, advantages, and features 
5 of the invention will be better understood from the 
accompanying detailed description of a preferred 
embodiment of the invention when reviewed in conjunc- 
tion with the accompanying drawings. 

10 Brief De s cription of t h e Dr a wing s 



Figure 1 is a schematic of an ion implantation sys- 
tem constructed in accordance with a preferred 
embodiment of the present invention; 
is Figure 1A is a schematic of the ion implantation 
system of Figure 1 that includes an ultraviolet 
source to help ionize gas molecules within an 
implantation chamber; 

Figure 2 is a schematic of an ion implantation sys- 
20 tern constructed in accordance with another 
embodiment of the present invention; 
Figure 3 is a schematic of an ion implantation sys- 
tem constructed in accordance with another 
embodiment of the present invention; and, 
25 Figure 4 is a schematic of an ion implantation sys- 
tem constructed in accordance with another 
embodiment of the present invention. 

Best Mode for Practicing the Invention 

so 

Figure 1 is an overview schematic of an ion implan- 
tation system 10 that includes a process chamber 12 
into which generally planar workpieces are inserted for 
ion treatment of those workpieces. One use of the dis- 
ss closed system is for ion implantation of silicon wafers 
during fabrication of integrated circuits. The system 
depicted in Figure 1 includes a load lock 20 for inserting 
individual wafers into the process chamber 12 one at a 
time. The use of a load lock allows the process chamber 
40 1 2 to be maintained at a reduced pressure (in relation to 
atmospheric pressure) as workpieces are placed into 
and withdrawn from the chamber 12 through a valve 21 
that is opened and closed as workpieces are inserted 
into and retrieved from the process chamber. 
45 The process chamber 12 depicted in Figure 1 has 
inner walls 22 that define a chamber interior 24 into 
which a workpiece 14 has been inserted. The work- 
piece 14 is placed onto a generally planar conductive 
platen or support 30. The platen may have any suitable 
so dimensions depending, for example, on the size of the 
workpiece to be supported. 

Spaced above the workpiece platen is a gas deliv- 
ery manifold 32 that injects an ionizable gas into a 
region 34 between the manifold and the workpiece 14. 
55 An ion plasma is created in this region 34 during opera- 
tion of the implantation system 10. 

A gas supply 36 outside the chamber 12 delivers an 
ionizable gas through a conduit 37 passing through a 
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chamber wall into the manifold 32. The manifold 32 
defines multiple diverging passageways leading from 
the conduit 37 to an array of openings (not shown) fac- 
ing the workpiece 14. Good treatment uniformity is 
obtained by keeping the gas density in the region 34 
between the manifold and the workpiece 14 as uniform 
as possible. A preferred manifold 32 is generally circular 
in plan and includes an array of openings spaced to 
maintain the gas concentration as uniform as possible 
around the outer perimeter of the manifold 32. In this 
regard, the workpieces 14 are "placed onto theplaten 30 
spaced inwardly from the edge of the generally circular 
platen 30 to avoid potentially non-uniform regions of the 
plasma. Uniform implantation may also be promoted by 
suitable design of the shape of the edges of the platen 
30 and the manifold 32 to control the electrical field 
strength at the edges of these members. 

Once the gas enters the plasma region 34 the gas 
molecules are ionized (stripped of one or more elec- 
trons) and the positively charged atoms are accelerated 
toward the workpiece 1 4 by a sequence of positive volt- 
age pulses that are applied to the manifold 32 while the 
conductive platen 30 is maintained at a ground poten- 
tial. In the disclosed embodiment a single workpiece 14 
is shown supported on the platen 30, but multiple work- 
pieces 14 could also be simultaneously implanted using 
the present invention. 

Figure 1 shows the relative biasing arrangement 
used for creating a concentration of workpiece treat- 
ment material in the region 34 above the workpiece 14. 
The conductive support platen 30, the workpiece 14, 
and the chamber walls 22 are all grounded. Positive 
voltage pulses are applied to the manifold 32 to cause 
ions to be created by the relatively high electric field in 
the region 34 and accelerated toward the platen 30. 

A modulator circuit 100 located outside the cham- 
ber 12 applies voltage pulses to the manifold 32. The 
manifold 32 accordingly acts as one electrode and the 
platen 30 as another electrode. Any one of a number of 
commercially acceptable voltage sources are suitable 
for supplying appropriate voltage pulses. As one exam- 
ple, the source can be constructed using a high power 
IGFET assembly for starting the voltage pulse upon 
switch closing and stopping the voltage pulse upon 
switch opening. The pulses 1 12 are applied by means of 
a conductor 113 electrically coupled to the conduit 37 
which in a preferred embodiment of the invention is con- 
structed from a conductive material. Alternately, the 
pulses could be directed through an insulated conductor 
passing through a wall of the chamber and coupled 
directly to the manifold 32. 

A preferred modulator circuit 100 includes a voltage 
source that provides a sequence of pulses 112 that both 
ionize the gas molecules injected into the chamber and 
accelerate the ionized gas molecules toward implanta- 
tion surfaces of the one or more workpieces 14. The 
repetition rate and pulse duration of the pulses 112 are 
chosen to assure that a glow discharge is developed 



and a plasma is formed and maintained in the region 34 
by the pulses applied to the manifold 32. The plasma 
density can decay in a time on the order of milliseconds 
due to recombination and diffusion after the ionization 
5 pulse is removed. To maintain the plasma continuously, 
a pulse rate of thousands per second or greater is nec- 
essary. However, at lower pulse rates, the ionization and 
implantation are still occurring during each pulse but 
provide a lower implantation rate. 
10 To help reduce contamination, the platen 30 and 
the manifold 32 for one embodiment are formed of alu- 
minum coated by silicon. Lining at least a portion of the 
chamber walls 22 and/or the non-working area of the 
platen 30 with a suitable insulating material, such as 
15 quartz for example, also helps to reduce contamination 
as well as power consumption. 

Use of a loadlock 20 for inserting the workpiece 14 
into the chamber allows the interior of the chamber 12 to 
remain evacuated between implants. A vacuum pump 
20 140 maintains the chamber interior at a reduced pres- 
sure that is regulated by a valve 1 42 placed between the 
chamber 12 and the pump 140. 

Electric field lines associated with the positively 
pulsed manifold 32 are generally directed to the surface 
25 area, including that of the workpiece 14, within the 
implantation chamber 12 having a negative potential 
relative to the manifold 32. Efficiency may be improved 
by shielding the manifold and the delivery conduit with 
an insulating dielectric 40, and a conductive casing 42 
30 maintained at reference potential. This shielding covers 
those portions of the positively pulsed manifold 32 
which do not face the manifold 32 and are therefore not 
necessary to develop the electric field near or at the sur- 
face of the workpiece 1 4. Shielding the manifold 32 con- 
35 centrates the electric field lines within the region 34 
between the manifold 32 and the workpiece 14 and sub- 
stantially reduces the electric field strength elsewhere 
within the interior region 24 of the chamber 12. 

Use of the dielectric 40 substantially reduces the 
40 load driven by the modulator circuit 100, thereby reduc- 
ing the power consumed by the modulator circuit 100. 
With the casing 42, the electric field associated with 
conduit 37 is contained within the dielectric 40 and 
hence does not generate a load associated with accel- 
45 erating ions and electrons. If the casing 42 is not used, 
shielding is still obtained but less efficiently. Without the 
casing 42, the outer surface of the dielectric 40 is 
approximately maintained at ground potential by elec- 
trons flowing form the plasma. 
so Figure 1A illustrates an implant system 10 that 
includes an ultraviolet light source 102 for enhancing ion 
creation with the chamber 12. The chamber 12 includes 
a window 104 that is transmiss'rve to the passage of 
ultraviolet light from the source 102. The ultraviolet light 
55 passes into the chamber 12 to a region between the 
manifold 32 and the platen 30 and helps promote ioni- 
zation of gas atoms entering the chamber through the 
manifold 32 in an ionization region near the workpiece 
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14. 

Efficiency can also be improved by shielding the 
surface areas of the chamber 12 which are maintained 
at a negative potential relative to the positively pulsed 
manifold 32 and which are not necessary to develop the 
electric field near or at the surface of the workpiece 14. 
As shown in Figure 2, a dielectric 50 may be used to 
shield a portion of the inner walls 22 of the chamber 12. 
An internal surface 51 of the dielectric 50 is positively 
charged to the same voltage as the manifold 32, by pos- 
itive ions striking, and secondary electrons leaving, the 
dielectric surface 51. The dielectric 50 substantially 
inhibits the electric field from passing into the ion 
plasma near or at the dielectric surface 51, and, as a 
result the region in which gas molecules are ionized or 
accelerated is substantially reduced and the corre- 
sponding load drawn on the modulator 100 is also 
reduced. 

Figure 3 shows another ion implantation system 
constructed in accordance with the present invention. 
This system reduces the amount of surface area within 
the implantation chamber 12 having a negative potential 
relative to the positively pulsed manifold 32. In this 
embodiment, parts of the ion implantation system 10 
are positively pulsed. As shown in Figure 3, an ion 
source 60 and a source 61 of ionizabte material deliv- 
ered to the source 60 are positively pulsed to a high 
potential by the modulator 100. The source 60 can 
include one of a number of commercially available 
sources such as an inductively coupled plasma (ICP), 
helicon, ECR or microwave source. An insulator plate 
63 and insulator ring 64 isolate the positively pulsed 
portions of the implantation system 10 from the surface 
area of the workpiece 14 having a relatively negative 
potential. 

The load on the modulator 100 can also be reduced 
by using biased grids to shield selected surface areas 
subject to a negative potential relative to the manifold 
32. In this embodiment, as shown in Figure 4, metallic 
grids 70 are positioned parallel to, and approximately 1 
cm from, the surface of the inner walls 22 of the cham- 
ber 12. Insulator spacers, or standoffs 71, isolate the 
grids 70 from the chamber walls 22. The grids 70, which 
are electrically connected to each other, are biased 
negatively 114 relative to the inner walls 22 so that sec- 
ondary electrons produced at the surface of the walls 22 
by ion bombardment are substantially suppressed by 
the biasing grids 70. In accordance with the invention, 
when a high voltage is applied, the electric field strength 
near the surface of the grids 70 is several times higher 
than if the inner walls 22 are without grids 70, but as the 
plasma sheath expands away from the grids 70, the 
field strength at the sheath boundary assumes normal 
levels and the sheath expansion normal velocities. 
Without a grid 70, positive ions striking surfaces having 
a negative potential relative to the manifold 32 produce 
secondary electrons with a coefficient of electrons to 
ions of as high as five. With a grid 70, a low bias voltage 



8 

would be sufficient to reduce the related secondary 
electron load current. In effect the grid reduces the sur- 
face area for electron emission. The bias voltage 
required to reduce the secondary electron load could be 

s quite small, in the range of about 50 to 150 volts, 
depending on the geometries chosen. 

While alternate embodiments of the present inven- 
tion has been described with a degree of particularity, it 
is the intent that the invention indude all modifications 

10 and alterations from the disclosed design falling within 
the spirit or scope of the pending claims. 

Claims 

is 1 . A method of treating a workpiece surface by caus- 
ing ions to impact the workpiece surface comprising 
the steps of: 

a) providing an implantation chamber having a 
20 chamber interior and locating a conductive 

workpiece support for supporting the one or 
more workpieces within the chamber interior 
and further locating a conductive electrode rel- 
ative to the workpiece support to allow work- 
25 pieces to be placed on the workpiece support 

in a region between the support and the con- 
ductive electrode; 

b) inserting one or more workpieces into the 
implantation chamber and placing said one or 

30 more workpieces onto the conductive work- 

piece support so that implantation surfaces of 
the one or more workpieces are facing said 
conductive electrode; 

c) injecting neutrally charged gas molecules 
35 into the implantation chamber causing the gas 

molecules to occupy a region of the implanta- 
tion chamber in close proximity to the one or 
more workpieces supported by the conductive 
workpiece support; 
40 d) maintaining the conductive workpiece sup- 

port, the one or more workpieces, and the con- 
ductive wall portion of the implantation 
chamber at a reference potential; 

e) electrically pulsing said electrode with 
45 pulses that are positive in relation to the refer- 
ence potential to provide an electric field; 

f) ionizing the gas molecules so that an ion 
plasma is formed near the implantation sur- 
faces of said one or more workpieces; 

50 g) accelerating the ionized gas molecules 

through the electric field to strike the implanta- 
tion surfaces of the one or more workpieces. 

2. The method of claim 1 wherein electrically pulsing 
55 said electrode both ionizes the gas molecules and 

accelerates the ionized gas molecules. 

3. The method of claim 1 wherein the ionizing step 
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comprises ionizing the gas molecules with an elec- 
tron source. 

4. The method of claim 1 wherein wherein the ioniza- 
ble material is made up of neutral gas molecules s 
and the ionizing step is performed by applying a 
field from an electron source (1 00). 

5. The method of claim 1 where the ionizing step com- 
prises ionizing the gas molecules with an ion w 
source (60) from the group including an ICP, heli- 
con, ECR, microwave source. 

6. The method of claim 1 comprising further the step 

of shielding support structure for said electrode with is 
a dielectric (50) so that electric field lines associ- 
ated with said electrode support (30) are concen- 
trated within the dielectric and not within the 
chamber interior (24) in close proximity to the die- 
lectric. 20 

7. The method of claim 6 comprising the additional 
step of covering an external portion of said dielec- 
tric (50) in a casing and maintaining said casing at 
said reference potential. 2s 

8. The method of claim 1 comprising further the step 
of shielding the conductive workpiece support (30) 
of the implantation chamber with a dielectric, 
thereby reducing the amount of surface area within 30 
said implantation chamber (12) having a negative 
potential relative to said electrode and to which the 
ionized gas molecules are implanted. 



9. The method of claim 1 comprising further the step 3$ 
of shielding the conductive wall portion of the 
implantation chamber with a dielectric (50), thereby 
reducing the amount of surface area within said 
implantation chamber (12) having a negative poten- 
tial relative to said electrode and to which the ion- 40 
ised gas molecules are implanted. 

10. The method of claim 1 comprising the additional 
step of shielding an internal region of said conduc- 
tive wail portion by a dielectric (50) so that ionized 45 
gas molecules striking and secondary electrons 
leaving a surface of the region cause the dielectric 
to attain about the same positive potential as that of 
said electrode (32) , thereby reducing the amount of 
surface area within said implantation chamber hav- so 
ing a negative potential relative to said electrode 
and to which the ionized gas molecules are 
implanted. 

11. The method of claim 1 wherein the implantation ss 
chamber (12) further includes an insulator (63, 64) 
to separate an ion source (60) from the conductive 
wall portion of said implantation chamber (12) and 



wherein the ion source is electrically pulsed to a rel- 
atively positive potential about the same as that of 
said electrode, thereby reducing the amount of sur- 
face area within said implantation chamber having 
a negative potential relative to said electrode and to 
which the ionized gas molecules are implanted. 

12. The method of claim 1 comprising further the step 
of shielding the conductive wall portion of the 
implantation chamber (12) by a metallic grid (70) 
and biasing a surface of the grid negatively relative 
to the conductive wall portion (22) so that second- 
ary electrons produced at the conductive wall por- 
tion are substantially suppressed, thereby reducing 
the amount of surface area within said implantation 
chamber having a negative potential relative to said 
electrode and from which secondary electrons can 
be emitted. 

13. The method of claim 1 wherein the ionizing step 
comprises the substep of causing ultraviolet radia- 
tion to pass through a region of the ionization cham- 
ber from an ultraviolet source (1 02). 

14. Apparatus for treating a workpiece implantation 
surface by causing ions to impact the workpiece 
implantation surface comprising: 

a) an implantation chamber (12) defining a 
chamber interior (24) into which one or more 
workpieces can be inserted and including a 
conductive inner wall portion (22) in proximity 
to the chamber interior; 

b) a conductive workpiece support (30) that 
extends into an interior region of the implanta- 
tion chamber (12); 

c) conductive means disposed within said 
implantation chamber relative to said conduc- 
tive workpiece support to allow workpieces to 
be placed on the workpiece support in a region 
(34) between the support (30) and the conduc- 
tive means; 

d) means (36, 61, 60) for injecting an ionizable 
material into the implantation chamber and for 
ionizing the ionizable material so that an ion- 
ized plasma of ions is formed near the implan- 
tation surfaces of said one or more workpieces; 
and 

e) control circuitry (100) for electrically pulsing 
the conductive means with a positive potential 
relative to the conductive workpiece support, 
the one or more workpieces, and the conduc- 
tive wall portion of the implantation chamber; 
said control circuitry including a vottage source 
that sets up electric field through which the ions 
accelerate before striking the implantation sur- 
faces of the one or more workpieces. 
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15. The apparatus of claim 14 wherein the voltage 
source includes a solid state switch such as a high 
power IGFET assembly for starting the voltage 
pulse upon switch closing and stopping the voltage 
pulse upon switch opening. 5 

16. The apparatus of claim 14 further comprising a die- 
lectric (40) to substantially shield said electrode so 
that electric field lines associated with said elec- 
trode pass through the dielectric and not into said 10 
ionized gas in proximity to said electrode. 

17. The apparatus of claim 16 further comprising a cas- 
ing (42) to substantially shield an external portion of 
said dielectric. 15 

18. The apparatus of claim 16 further comprising 
means for maintaining said casing (42) at said ref- 
erence potential 

20 

19. The apparatus of claim 1 4 further comprising a die- 
lectric to shield a surface of the conductive work- 
■ piece support (30) of the implantation chamber, 
thereby reducing the amount of surface area within 
said implantation chamber having a negative 2s 
potential relative to said electrode and to which the 
ionized gas molecules are implanted. 



negatively biased metallic grid (70) spaced from the 
conductive inner wall portion of the implantation 
chamber to shield the conductive inner wall portion, 
thereby reducing the amount of surface area within 
said implantation chamber having a negative 
potential relative to said electrode and to which the 
ionized gas molecules are implanted. 

24. The apparatus of claim 23 further comprising 
means (114) for relatively basing a surface of said 
metallic grid so that secondary electrons produced 
at the conductive inner wall portion are substantially 
suppressed, thereby reducing the amount of sur- 
face area within said implantation chamber having 
a negative potential relative to said conductive 
means and to which the ionized gas molecules are 
implanted. 

25. The apparatus of claim 14 further comprising an 
ultraviolet source (102) for causing ultraviolet 
energy to pass through a region (34) of the implan- 
tation chamber near the one or more workpieces. 



20. The apparatus of daim 1 4 further comprising a die- 
lectric (50) to shield a surface of the conductive so 
inner wall portion of the implantation chamber (12), 
thereby reducing the amount of surface area within 
said implantation chamber having a negative 
potential relative to said electrode and to which the 
ionized gas molecules are implanted. 35 



21 . The apparatus of claim 14 further comprising a die- 
lectric (50) to shield an internal region of said con- 
ductive inner wall portion so that ionized gas 
molecules striking and secondary electrons leaving 40 
a surface of the region cause the dielectric to attain 
about the same positive potential as that of said 
electrode, thereby reducing the amount of surface 
area within said implantation chamber having a 
negative potential relative to said electrode and to 45 
which the ionized gas molecules are implanted. 



22. The apparatus of claim 14 wherein the implantation 
chamber further indudes an insulator (63, 64) to 
separate an ion source (60) from the conductive so 
inner wall portion of said implantation chamber and 
wherein the ion source is electrically pulsed to a rel- 
ative positive potential, thereby reducing the 
amount of surface area within said implantation 
chamber having a negative potential into which the ss 
ionized gas molecules are implanted. 



23. The apparatus of daim 14 further comprising a 
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